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Abstract 25 

 26 

Hedgerows provide important habitat and food resources for overwintering birds, mammals 27 

and invertebrates.  Currently, 41% of managed hedgerow length in England forms part of 28 

three Agri-Environment Scheme (AES) options, which specify a reduction in hedgerow 29 

cutting frequency from the most common practice of annual cutting.  These AES options aim 30 

to increase the availability of flowers and berries for wildlife, but there has been little 31 

rigorous testing of their efficacy or estimates of the magnitude of their effects.  We conducted 32 

a factorial experiment on hawthorn hedges to test the effects of i) cutting frequency (every 33 

one, two or three years) and ii) timing of cutting (autumn vs. winter) on the abundance of 34 

flowers and berry resources.  Results from five years show that hedgerow cutting reduced the 35 

number of flowers by up to 75% and the biomass of berries available over winter by up to 36 

83% compared to monitored uncut hedges.  Reducing cutting frequency from every year to 37 

every three years resulted in 2.1 times more flowers and a 3.4 times greater berry mass over 38 

five years. Cutting every two years had an intermediate effect on flower and berry abundance, 39 

but the increase in biomass of berries depended on cutting in winter rather than autumn.   The 40 

most popular AES option is cutting every two years (32% of English managed hedgerow 41 

length).  If these hedges were managed under a three year cutting regime instead, we estimate 42 

that biomass of  berries would increase by about 40%, resulting in a substantial benefit for 43 

wildlife. 44 

45 
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1. Introduction 46 

 47 

Hedgerows are important landscape features that have value for wildlife, farming, culture and 48 

archaeology.  Importantly for wildlife, they provide shelter and food for a range of 49 

invertebrate, mammal and bird species, many of high conservation status (Dover and Sparks, 50 

2000; Fuller et al., 1995; Wilson, 1979), and contribute to habitat connectivity.  Hedgerows 51 

have been defined as rows of woody vegetation that are actively managed to prevent 52 

expansion into adjacent fields, the majority of which are cut back in some way (Baudry, et al. 53 

2000).  Hedges are found in many parts of the world including northern and southern Europe, 54 

Africa and China and have been present in landscapes for centuries (Baudry et al., 2000; Yu 55 

et al., 1999) .  Historically, type of hedgerow management has often been enforced by local 56 

regulations, but increasingly they are subject to national legislation such as Agri-Environment 57 

Schemes (AES; Baudry et al., 2000; Natural England, 2010; Fuentes-Montemayor et al., 58 

2011).  59 

 60 

Approximately half of UK hedges were removed during the 20th century (Barr and Parr, 61 

1994).  Data collected for the 2007 Countryside Survey estimated the total length of linear 62 

woody features to be 700,000 km in Great Britain and 547,000 km in England (representing 63 

losses of 1.7 % and 1.5% respectively since 1998).  The length of managed hedgerows in 64 

Great Britain is estimated at 477,000 km and 402,000 km in England (losses of 6.2 % and 6.1 65 

% respectively since 1998).  These latter losses (31,000 km) were associated largely with a 66 

lack of management; unmanaged hedgerows turning into ‘relict hedges’ or ‘lines of trees’ 67 

(Carey et al., 2008). 68 

 69 
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Hedgerows provide nesting, breeding and hibernation sites for wildlife as well as food 70 

resources.  The abundance (Hinsley and Bellamy, 2000) and probability of occurrence 71 

(Whittingham et al., 2009) of several farmland bird species are related to the presence, height, 72 

width and plant diversity of nearby hedgerows.  Hedgerow berries provide an important 73 

source of food for resident and overwintering birds (Hinsley and Bellamy, 2000), especially 74 

Turdus species such as blackbirds, fieldfares and redwings (Snow and Snow, 1988).  75 

Hedgerow flowers provide sources of nectar for pollinating insects such as aculeate 76 

Hymenoptera, Lepidoptera and Diptera (Jacobs et al., 2009, 2010).    Hawthorn 77 

(Crataegus monogyna Jacq.) is the dominant woody species in British hedgerows (Cummins 78 

and French, 1994) so the abundance of hawthorn flowers and berries is likely to be critical for 79 

Britain’s farmland fauna.   80 

 81 

Reduction in the agricultural labour force and the prevalence of autumn sowing result in 82 

hedgerows typically being cut in late summer or early autumn after harvest, which removes 83 

berry resources before winter starts.  A detailed study of berry depletion found that the 84 

majority of hedgerow berries had been naturally depleted by mid-January, and advocated 85 

cutting of hedgerows in February or March to allow overwintering birds to forage on them 86 

prior to cutting (Croxton and Sparks, 2004).   87 

 88 

Across much of the EU farmers are increasingly encouraged to undertake environmentally-89 

sensitive land management as part of agri-environment schemes (AES).  In England the 90 

Environmental Stewardship scheme was adopted in 2005 (http://www.naturalengland.org.uk/ 91 

ourwork/ farming/funding/es/default.aspx) and includes specific options that aim to increase 92 

the availability of berries to over-wintering birds, by encouraging a reduction in the 93 

frequency of hedgerow cutting.  Since many key hedgerow plants, such as hawthorn, only 94 
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flower and fruit on wood that is at least two years old (Sparks and Croxton, 2007) the Entry 95 

Level Stewardship (ELS) AES in England includes options that specify cutting hedgerows no 96 

more frequently than every two years (EB1 and EB2), or a maximum cutting frequency of 97 

every three years (EB3; Natural England, 2010).  These options are among the most popular 98 

in the ELS with around 163,712 km (41%) of hedgerows in England currently managed 99 

under AES, the majority of which (132,626 km or 32 % of managed hedgerows) are managed 100 

under the two year cutting options (Natural England, 2009).  Several other European contries 101 

include hedgerow management in their AES; for example in Scotland hedgerow cutting on 102 

farms within AES is limited to a frequency of once in three years (Fuentes-Montemayor et 103 

al., 2011).   104 

 105 

Despite their popularity, the efficacy of these ELS options in increasing flower and berry 106 

availability has received little rigorous testing.   Unmanaged hedgerows have been shown to 107 

produce more berries than managed hedgerows (Sparks and Martin, 1999), but the effects of 108 

timing of management were not assessed.  Croxton and Sparks (2002) found that mass of 109 

available berries on annually cut hedges was lighter compared with those on hedges that were 110 

‘managed but uncut for at least two years’, but they did not specifically compare biennial and 111 

annual cutting regimes.   112 

 113 

Here, we investigated the responses of hawthorn hedges to cutting management that altered in 114 

both frequency and timing using a factorial experiment that was established in lowland 115 

eastern England in 2005 (Sparks and Croxton, 2007). The following questions were 116 

addressed: 1) Is there a consistent increase in flower and berry production as the frequency of 117 

cutting is reduced? 2) Is the removal of berries by cutting in the autumn mitigated by low 118 

frequency cutting?  Number of flowers and berry mass were analysed cumulatively for five 119 
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years (the length of a typical ELS agreement; Natural England, 2010), and for each year to 120 

investigate how the effects of cutting frequency and timing on these resources varied over 121 

time. The results are discussed in the context of current and future hedgerow management 122 

policies under AES and their practical implications for modern farming resources.  While our 123 

results are directly relevant for current AES in England, the prevalence of hedgerow cutting 124 

as a management option and the increasing number of countries implementing AES or other 125 

forms of hedgerow management regulation (Baudry et al., 2000; Fuentes-Montemayor et al., 126 

2011) mean that our conclusions also have broader geographical significance. 127 

 128 

 129 

2. Materials and methods 130 

 131 

2.1 Experimental design 132 

 133 

We used a set of experimental hedges that were planted in 1961 at Monks Wood, 134 

Cambridgeshire, UK (52.4026 °N, -0.2357 °W) on former arable land (Croxton et al., 2004).  135 

The arable land was converted to grassland and subsequently managed by a mixture of hay 136 

cutting and topping and occasional extensive livestock grazing in the absence of fertiliser and 137 

pesticide inputs.  The hedgerows were managed by autumn or winter cutting on a one or two 138 

year cycle to maintain them at a height of 2 – 3 m.   139 

 140 

In autumn 2005 three hedgerows were divided into 32 contiguous plots of 15m length. The 141 

following management treatments were allocated to plots at random in factorial 142 

combinations: 1) cutting frequency treatment (annual vs. biennial vs. cut every three years), 143 

and 2) cutting timing treatment (autumn vs. winter).  In addition, we monitored two 144 
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unmanaged plots that had not been cut for 15+ years, and were never cut during the current 145 

experiment.  The autumn cut was conducted in September each year, and the winter cut in 146 

January or February.  Each treatment combination of cutting frequency and timing was 147 

replicated either eight (for annually cut plots) or four times (for biennial and three year cut 148 

plots; Sparks and Croxton, 2007).  Annual cutting post-harvest (September) is the most 149 

common practice for hedgerow management outside the AES, whereas post-harvest cutting 150 

on a biennial cycle is the typical management for hedges in AES options EB1 and EB2, and 151 

post-harvest cutting every three years typifies AES option EB3.  On each cutting occasion all 152 

the growth since the last cut was removed, and all cutting was implemented with a tractor 153 

mounted flail cutter.  The sides of the hedge were cut vertically resulting in a rectangular 154 

cross-section. 155 

 156 

2.2 Flower production 157 

 158 

The cover of hawthorn flowers was assessed annually in May in each plot from 2006 - 2010.  159 

Quadrats (0.5 m × 0.5 m) with their base 1m above the ground were attached vertically on 160 

range poles, and 5 quadrats were assessed on each side of each plot.  Quadrats were 161 

approximately equally spaced along the length of each plot, but excluding 2.5 m at each end 162 

to exclude edge effects.  Each quadrat was divided into 25 cells of 10 cm × 10 cm, and flower 163 

cover was estimated in each using a five-point score (0 = none, 1 = < 25 %, 2 = 26 – 50 %, 3 164 

= 51 – 75 %, 4 = 76 – 100%).  The sum of the scores for the 25 cells in each quadrat gives an 165 

estimate of percentage cover (Croxton et al., 2004; Sparks and Martin, 1999).  In 2010, the 166 

number of flowers was also counted in the third quadrat on each plot, to further assess the 167 

accuracy of the percentage cover estimates. 168 

 169 
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2.3 Berry availability and individual berry mass 170 

 171 

The mass and number of available berries over the winter was assessed annually in 172 

September 2006 – 2010, immediately after application of autumn cutting treatments.  Ten 0.5 173 

m × 0.5 m quadrats, at the same height and approximately matching the positions used for 174 

flower recording, were used to record berries.  The berries within each quadrat were collected 175 

and counted.  Berries were weighed to obtain fresh biomass, dried for 48 hours at 80 °C to 176 

constant mass and weighed again.  In addition, 50 berries from each quadrat were weighed 177 

fresh and dry to determine individual berry mass and % dry matter (Sparks and Martin, 178 

1999).   179 

 180 

2.4 Plot surface area 181 

 182 

The height and width of the plots were measured to the nearest 10 cm using graduated poles, 183 

at 5 evenly spaced positions along each plot in 2010.  These data were used to calculate the 184 

surface area of each plot, and to convert flower and berry data to number or biomass 185 

produced per m hedgerow length.   186 

 187 

2.5 Statistical analyses 188 

 189 

Means of each response variable (flower cover, berry availability (total fresh biomass), 190 

individual berry mass and % dry matter) were calculated from the ten quadrats on each plot.  191 

Flower cover was converted to the number of flowers using linear regression (see section 3.1 192 

below).  Flower numbers and berry available fresh mass data were converted to values per 193 

1m hedge length using the surface area values calculated above.  Two analyses were 194 
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conducted.  Firstly, cumulative flower numbers and available berry mass over 5 years were 195 

calculated for each plot.  The numbers of flowers were log(x+1) transformed prior to 196 

analysis.  ANOVAs were used to test the effects of cutting frequency and timing on 197 

cumulative production of hawthorn flowers and berries.  Where significant treatment effects 198 

were found Tukey HSD posthoc tests were conducted to determine which treatment levels 199 

differed (Crawley, 2007). 200 

 201 

Secondly, Generalized Linear Mixed Models were used to determine how annual flower 202 

production, available berry biomass, number of berries, berry size and berry dry matter 203 

content responded to cutting frequency and timing.  To reduce the effect of background inter-204 

annual variation in data (for example due to the weather), numbers of flowers and berry fresh 205 

mass in each plot were divided by the mean of the two monitored uncut plots for each year 206 

prior to analysis.  Cutting frequency, cutting timing, year of sampling and the interaction 207 

between these factors were included as fixed effects, and plot as a random effect in each 208 

model.  Interactions and factors that did not contribute significantly to the model were 209 

removed one at a time, and changes in the explanatory power of the model were tested using 210 

likelihood ratio tests (Faraway, 2005).  All analyses were carried out in R version 2.12 1 (R 211 

Core Development Team, 2010) using package nlme (Pinheiro et al., 2011). 212 

 213 

 214 

3. Results 215 

 216 

3.1 Cumulative 5 year flower and berry production in response to hedge cutting 217 

 218 
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There was a highly significant linear relationship between the count of hawthorn flowers and 219 

the percentage flower cover estimate (linear regression: R2 = 0.9109, F1,33 = 337.3, P < 220 

0.001), indicating that the latter is a reliable predictor of flower abundance.  There were over 221 

six times more flowers on the monitored uncut plots compared to the average of the cut plots 222 

in the experiment (Figure 1a).  Cutting frequency significantly affected flower production 223 

(F2,26 = 27.70, P < 0.001), with 1.7 times more flowers on the hedges cut biennially and 2.1 224 

times more flowers on those cut every three years compared with annual cutting (Tukey HSD 225 

tests, all P < 0.05; Figure 1a).  The number of flowers did not differ significantly between the 226 

biennial plots and those cut every three years (Tukey HSD test, P > 0.05).  Fewer flowers 227 

were produced on the hedge sections cut in late winter compared with autumn (F1,26 = 9.98, P 228 

< 0.01), but there was no interaction between the frequency and timing of cutting (F2,26 = 229 

1.66, P > 0.05).   230 

 231 

Fresh berry mass over five years was 15 times greater on the monitored uncut plots than in 232 

the experimental cut plots (Figure 1b).  Cutting frequency strongly affected available berry 233 

mass (F2,26 = 20.11, P < 0.001), with significant differences between each of the three cutting 234 

frequencies (Tukey HSD tests, all P < 0.05).  Cutting every three years produced 3.4 times 235 

the fresh mass of berries of an annual cutting regime, while cutting biennially produced 2.1 236 

times the mass (Figure 1b).  Timing of cutting had no significant effect on cumulative 237 

available berry mass (F1,26 = 0.29, P > 0.05), nor was there an interaction between cutting 238 

frequency and timing (F2,26 = 0.62, P > 0.05). 239 

 240 

3.2 Inter-annual response of flower and available berry mass to cutting frequency and timing 241 

 242 
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The effects of cutting frequency and timing on flower production varied with year, depending 243 

on the stage of the cutting cycle (GLMM likelihood-ratio test: cutting frequency × cutting 244 

timing × year interaction, χ2
8 = 27.37, P < 0.001; Figure 2).  In the first harvest year (2006) 245 

all plots were at the same stage in the cutting cycle as they had been cut the preceding autumn 246 

or winter.  Plots cut every three years produced significantly more flowers than those cut 247 

annually in the other four years of the experiment (2007-2010 inclusive; Figure 2 and 248 

Electronic Supplementary Material page 1 (ESM p1)).  Significantly more flowers were 249 

produced on the biennially cut plots compared with the annual plots in 2007 and 2009 which 250 

corresponds with the second years of the cutting cycle (biennial plots were cut in autumn or 251 

winter 2005/06, 2007/08 and 2009/10).   252 

 253 

There was no consistent effect of the timing of cutting on the number of flowers produced.  In 254 

2009 significantly fewer flowers were produced on the plots cut every three years in the 255 

winter compared with those cut in the autumn.   There were no other significant interactions 256 

between the timing of cutting and either year or cutting frequency (ESM p1).   257 

 258 

The effects of cutting frequency and timing on available fresh berry mass also depended on 259 

the stage of the cutting cycle, and thus varied with year (GLMM likelihood-ratio test: cutting 260 

frequency × cutting timing × year interaction, χ2
8 = 51.99, P < 0.001; Figure 3).  Plots cut 261 

every three years (autumn or winter 2005/06 and 2008/09) produced a significantly higher 262 

mass than annually cut plots in September 2007 and 2010 and a significantly higher mass on 263 

the three year winter plots in 2008 and on the three year autumn plots in 2009 (Figure 3; ESM 264 

p2).   265 

 266 
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Plots cut biennially in the winter (2006, 2008 and 2010) had a significantly higher available 267 

biomass of berries compared with all annually cut plots in 2007 and 2009.  There was no 268 

significant difference between autumn cut biennial plots and annually cut plots in any year.  269 

Timing of cutting had no significant effect on the berry mass from annual plots (ESM p2).  270 

The number of berries and available fresh mass of berries were closely related (linear 271 

regression: R2 = 0.982, F1,285 = 1537.52, P < 0.001), and responded in a very similar way to 272 

the cutting treatments.   273 

 274 

3.3 Individual berry size and dry matter content 275 

 276 

Individual berry masses were significantly affected by an interaction between year and the 277 

timing and frequency of cutting (GLMM likelihood-ratio test: cutting frequency × cutting 278 

timing × year interaction, χ2
8 = 24.39, P < 0.01).  Heavier berries were produced on plots cut 279 

every two years in the winter in 2008 and lighter berries on plots cut every three years in the 280 

winter in 2010 , compared to annually cut plots (ESM p3).  The percentage dry matter content 281 

of hawthorn berries was not significantly affected by the frequency (GLMM likelihood-ratio 282 

test: χ2
2 = 0.003, P > 0.05) or timing (χ2

1 = 0.59, P > 0.05) of cutting (ESM p4). 283 

 284 

 285 

4. Discussion 286 

 287 

Cut hedges produced considerably fewer flowers (-75 %) and a lower biomass of berries  (-288 

83%) in all years than the monitored uncut hedges.  The magnitude of these differences 289 

confirms that uncut hedgerows provide far greater resources for wildlife than cut hedgerows, 290 
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even those cut under a reduced cutting frequency.  However, it is unlikely that the majority of 291 

hedgerow length could be left unmanaged given the practical demands of farm management. 292 

 293 

Significantly more flowers were produced on plots cut every three years compared with those 294 

cut annually in four years of the experiment, whereas the biennially cut plots (typical AES 295 

practice) only produced significantly more flowers than those cut annually (typical non-AES 296 

practice) in two of the five years.  However, the magnitude of total increase in flower 297 

production over 5 years was not significantly different between the biennial and three year 298 

treatments (1.7 and 2.1 times more flowers than annually cut plots respectively).  The timing 299 

of cutting only significantly affected flower production in spring 2009, when the three year 300 

hedgerow plots that had been cut the preceding winter had fewer flowers than those cut in 301 

autumn.  Cutting timing may alter hawthorn physiology and growth patterns; for example, 302 

cutting hawthorn in the late summer results in a greater number of shoots the following year 303 

than winter cutting (Bannister and Watt, 1994).   304 

 305 

Available biomass of berries was significantly heavier on hedgerows cut every three years 306 

compared with annual plots in four out of five years of the experiment, though in two years 307 

the increase was modified by the timing of cutting.  In 2008, only winter cut three year plots 308 

had a significantly greater mass of berries, since the three year autumn plots had just been 309 

cut.  The decrease in mass on the three year winter cut plots in 2009 was unexpected, though 310 

it links to the decreased flower production that year.  Winter cutting thus had a detrimental 311 

effect on subsequent flower and berry formation on the plots cut every three years, but not 312 

those cut annually or biennially.  The frequency of cutting may affect hedge structure and 313 

stem density, and this is the subject of ongoing research.   314 

 315 
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The timing of cutting had a strong effect on available biomass of berries on plots cut 316 

biennially, as berry mass was only significantly increased on winter biennial plots in the 317 

second year of the cutting cycle.  Cutting biennial plots in autumn removes the berries which 318 

form on two year old growth before they can be utilised as a food source by overwintering 319 

birds and mammals.  ELS two year cutting options (EB1 and EB2) may thus offer limited 320 

benefit for wildlife if cutting is carried out in autumn, which is the more typical time for 321 

hedge cutting. 322 

 323 

Our results on available berry mass appear to contrast with those of Maudsley et al. (2000) 324 

who found more berries on woody species cut biennially compared to those cut annually or 325 

every three years.  However, they only presented data on berry production from one year of 326 

sampling, in which the biennially cut plots had not been cut but both the annual and three 327 

year plots were cut (Maudsley et al., 2000).  Their findings therefore related to the immediate 328 

response of woody species to the cutting regime that year.  The current study used five years 329 

of data (the typical length of an AES agreement) to investigate the effect of cutting cycle on 330 

inter-annual variation in the response of hedgerows to cutting, thus providing much stronger 331 

evidence for the medium term response of hawthorn hedgerows to cutting frequency.    332 

 333 

Our results suggest that English hawthorn hedgerows managed under the AES 3 year option 334 

EB3 (Natural England, 2010) are likely to achieve the aim of substantially increasing 335 

resources for overwintering birds and pollinators in the majority of years.  The increase in 336 

biomass of berries under the most popular AES biennial cutting options EB1 and EB2 337 

(Natural England, 2010) only occurs if cutting is delayed to the winter, and are smaller than 338 

the increase under EB3.  We used a simple model to explore the impacts of the results of this 339 

experiment to the national situation (Figure 4). By extrapolating the mean masses of berries 340 
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across all five experimental years to national uptake figures for AES we show that if the 341 

current uptake of options EB1 and 2 were converted to EB3,  total biomass of berries on 342 

managed hedgerows in England could be increased 1.4 fold to 63 488 tonnes.  Conversion of 343 

all managed hedgerows (including those not currently in AES schemes) to EB3 would 344 

increase the berry mass available during winter 2.4 fold to 106 769 tonnes, though this would 345 

be much more difficult to achieve.  Both scenarios would represent a considerable increase in 346 

the food resource available for overwintering birds and mammals.   This model is based on 347 

the assumption that results for hawthorn can be extrapolated to other species, which is yet to 348 

be tested. 349 

 350 

The timing and frequency of hedgerow cutting have additional conservation impacts beyond 351 

the provision of winter food resources for wildlife.  Several Lepidoptera species lay eggs in 352 

the late summer or early autumn, a large proportion of which may be trimmed off and die 353 

during annual hedgerow cutting.  For example, the decline of brown hairstreak 354 

(Thecla betulae L.) populations, a priority Biodiversity Action Plan species in the UK, has 355 

been partly attributed to annual cutting of hedgerows (Merckx and Berwaerts, 2010).   The 356 

abundance of several passerine species increases with increasing hedgerow height (Hinsley 357 

and Bellamy, 2000).  A few species (e.g. linnet and yellowhammer) have a higher abundance 358 

on shorter hedgerows during the breeding season (Green et al., 1994), but the majority of 359 

passerine populations are limited by the availability of food over the winter rather than by 360 

breeding sites (Davey et al., 2010).  In addition, ELS options EB1, EB2 and EB3 specify that 361 

not all hedgerows managed under each option within an ELS agreement should be cut in the 362 

same year (Natural England, 2010), ensuring a heterogenous hedgerow resource structure 363 

across a farm. 364 

 365 
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In the absence of AES, the most common practice among farmers in England was annual 366 

trimming of hedgerows.  A reduced frequency to cutting once every three years is likely to 367 

save farmers’ money on the cost of hedgerow cutting, but may also have effects on crop 368 

yields at the edges of fields.  To our knowledge, there are no published studies on the 369 

reduction of crop yield in response to hedgerow cutting regimes, though it is possible that 370 

slightly taller hedgerows with three years of growth may shade cereal crops more than those 371 

cut annually (Kuemmel, 2003).  Many farmers in ELS are paid to leave 6m margins to benefit 372 

wildlife at the edges of their fields next to hedgerows (Natural England, 2010), in addition to 373 

the ELS hedgerow options, which may mitigate the proximate effects of reduced frequency 374 

hedgerow cutting on crop yield. 375 

 376 

Further studies based across several field sites would be needed to cover both a greater 377 

geographical area and a wider range of hedgerow species, in order to determine whether our 378 

findings are broadly applicable, and this is the subject of current work.  Nonetheless, our 379 

results from a well-replicated single site experiment monitored over five years suggest that 380 

hawthorn hedgerows managed under ELS option EB3 are more likely to provide substantial 381 

increases in food resources for wildlife than those cut annually or managed under AES 382 

options EB1 and EB2.  Furthermore, results suggest that the benefits of the most popular 383 

autumn biennial cut AES hedgerow options are likely to provide relatively little benefit to 384 

wildlife above typical management practiced by farmers outside of the scheme. 385 

  386 
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Figure legends 479 

 480 

Figure 1 481 

Cumulative a) number of flowers and b) fresh mass (kg) of berries per m of hedgerow length 482 

over five years (mean ± SE) on plots cut annually, biennially or every three years in autumn 483 

(= ) or winter (= ), together with monitored uncut (= ) plots.  Note different y axis 484 

scales for cut and uncut plots. 485 

 486 

Figure 2 487 

Number of hawthorn (Crataegus monogyna) flowers (mean ± SE) on hedgerow plots cut 488 

annually, biennially or every three years in autumn (= ) or winter (= ),  as a 489 

percentage of the mean number of flowers on monitored uncut plots, over 5 years.  Numbers 490 

of flowers were assessed in May.  = plots that were cut the preceding autumn / winter. 491 

 492 

Figure 3 493 

Fresh mass of hawthorn (Crataegus monogyna) berries (mean ± SE) on hedgerow plots cut 494 

annually, biennially or every three years in autumn (= ) or winter (= ), as a percentage 495 

of mean hawthorn berry mass on monitored uncut plots, over 5 years.  Berry mass was 496 

assessed in September, up to a week after autumn hedgerow cutting.  = plots that were cut 497 

just before the berry assessment,  = plots that were cut the preceding autumn / winter. 498 

 499 

Figure 4 500 

Predicted average hawthorn berry mass produced on managed hedges in England if those 501 

currently under annual cutting regimes, AES options EB1 (biennial cut on both sides of 502 
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hedge) or EB2 (biennial cut on one side of hedge) were managed under AES option EB3 (cut 503 

every three years), or cut in winter rather than autumn.  Hedges are assumed to be currently 504 

cut in autumn.  Horizontal lines show multiples of the current biomass of berries. 505 

506 
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Figure 1  507 
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Figure 2 510 
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Figure 3 513 

b) 2007

d) 2009

1 2 3

1 2 3

a) 2006

B
er

ry
 fr

es
h 

w
ei

gh
t a

s %
 o

f u
nc

ut
 b

er
ry

 w
ei

gh
t

0

10

20

30

40

c) 2008

Frequency of cutting (number of years)

0

10

20

30

40

0

10

20

30

40
e) 2010

 514 

515 



27 

 

Figure 4 516 
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